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A Mathematical Model for the Initial Corrosion Rate of a Porous
Layer on a Rotating Disk Electrode

William E. Ryan and R. E. White”*
Department of Chemical Engineering, Texas A&M University, College Station, Texas 77843

S. L. Kelly*
The Dow Chemical Company, Texas Applied Science and Technology Laboratories, Freeport, Texas 77541

ABSTRACT

A mathematical model is presented for the initial corrosion rate of a porous layer on a rotating disk electrode. The
model is used to predict the corrosion potential and corrosion current density for a porous electrode made of pure iron in
aerated caustic solutions. The dependence of these predictions on some of the properties of the porous layer is presented.
It is shown that the corrosion rate depends significantly on the specific surface area of the porous electrode.

Conducting porous layers on electrodes are often used
as electrocatalysts or supports for electrocatalysts. The
corrosion of these layers can lead to the loss of the
electrocatalyst; to study this, a steady-state mathemat-
ical model for the initial corrosion rate of a conducting
porous layer on a rotating disk electrode (RDE) has been
developed and is reported here.

Previous porous electrode models have been pre-
sented and are reviewed by Newman and Tiedemann (1).
Simplifying assumptions have been used in the develop-
ment of some of the models (2-4) to obtain analytical ex-
pressions. For example, Ksenzhek (2) solved analytically
the equation for an infinitely thick electrode model in
which he assumed that the chmic potential drops in both
the solution and matrix phases were negligible. Also,
Gurevich and Bagotzky (3) developed a complicated ana-
lytic solution for porous diffusion electrodes by using
simplifying assumptions. Van Zee and White (4) devel-
oped a one-dimensional analytic expression for flow past
a porous electrode by including an external mass-
transfer coefficient in the governing equation.

Grens and Tobias (5} and Grens (6) examined the con-
sequences of the several common simplifying assump-
tions used in modeling porous electrodes and found
many to be severely restrictive. Some of those that were
considered to be poor are the assumptions of infinite
electrode thickness, uniform concentration or conduc-
tivity of pore filling electrolyte, and negligible potential
gradient in the pores. [Austin (7), on the other hand, reas-
serted the value of simplifying assumptions as useful in
obtaining good approximations for limited situations.
However, he did uphold that theoretical treatments that
neglect internal mass transfer are in error.] The model
presented below does not have these limiting assump-
tions. However, it does have others such as the solid ma-
trix of the porous layer is assumed to be isopotential (i.e.,
the porous layer is assumed to be infinitely conductive),
as discussed further below.

A large body of literature exists which deals with theo-
retical deseriptions of corrosion in electrochemical sys-
tems, although none deal specifically with the analysis of
conducting porous layers, as was pointed out recently by
Chang and Prentice (8). In their case, the corrosion of
zine was of concern and the ability to predict the local
pH of the solution prompted their study. The model pre-
sented below is more comprehensive than theirs since
they assumed that a single pore model could be used to
describe a porous layer.

Several models have been proposed for the determina-
tion of localized corrosion rates for a smooth RDE.
Vahdat and Newman (9) and Law and Newman (10, 11)
suggest a mechanism for iron passivation and demon-
strate how the Butler-Volmer kinetic rate equation can
be used to account for this phenomena on the RDE sur-
face. However, their approach neglects the effect of ionic
migration of charged species.

*Electrochemical Society Active Member.

Mode! Development

The model is developed by presenting a summary of
the assumptions, a description of the modeled regions,
the governing equations and assumptions for each re-
gion, and finally the boundary conditions.

Summary of assumptions.—The major assumptions
used in the development of the model are: one spatial
coordinate (y), dilute solution theory, steady-state, no
homogeneous chemical reactions, isopotential matrix
phase (solid phase) in the porous layer, smooth porous
electrode/electrolyte interface, no convection in the po-
rous layer, constant porosity and thickness of the porous
layer, and no potential drop between the reference elec-
trode lead and the solution at the luggin tip.

Description of modeled regions.—A schematic of a typi-
cal experimental apparatus for a RDE with a thin porous
layer is shown in Fig. 1. As shown there, a Luggin capil-
lary is placed as close as possible to the center of the
RDE. This allows the reference electrode, a saturated
calomel electrode (SCE), to detect the solution potential
near the working electrode at a known distance (y = Ygg)
from the electrode surface. Two regions are included in
the model, as shown in Fig. 2: the diffusion layer and the
porous electrode layer. The model equations are differ-
ent in each region, as explained below.

Governing equations and assumptions—diffusion
layer.—The flux of species i in the solution in the diffu-
sion layer is due to migration, diffusion, and convection

N; = —zu,Fc,;V® — D Ve, + ve; [1]
where the ionic mobility, u,, is assumed to be given by
the Nernst-Einstein equation

D,
= 2
U BT [2]

The concentration of each of n species is governed by the
material balance equation

acy
at

= -V-N;+ R, [31

and the condition of electroneutrality

2 2¢ =0 (4]

is used as the governing equation for @.

Several assumptions are used to simplify the material
balance expression. First, the system is taken to be at
steady state with no homogeneous chemical reactions in
the diffusion layer. Thus, ac;/at = 0 and R, = 0 in Eq. [3].
Next, it is assumed that transport occurs only in the axial
direction (i.e., y-direction), and that the velocity compo-
nent in the axial direction depends.only on the distance
from the porous electrode surface
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Fig. 1. Schematic of rotating disk electrode experimental cell

Q
v, = —a'Q \/; (Y — Ypp)? (]

for y > ypg, and
v, =0 (6]

for y = ypg, according to the no slip condition (at y = ypg)
and the assumption that there is no convection within
the porous layer. Also, it seems reasonable to treat the
porous region as a smooth surface for cases where the
surface area is mostly internal. This may not be a good
assumption for rough surfaces. Combining Eq. [1], [2],
[3], and [5] yields the governing equation for species i
within the diffusion layer

zD,F ( foi . de; ,d@)
RT \“7ay " Tdy dy

dc; Q de;
+D— +a \/_7— - ) — =0
ay a'(} " (v p) ay (71
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Fig. 2. Schematic of a porous layer on a rotating disk electrode

A STEADY-STATE MATHEMATICAL MODEL
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Governing equations and assumptions—porous elec-
trode layer.—In the porous electrode region, macro-
scopic parameters are used to describe the layer without
regard to the actual geometric detail of the pore struc-
ture (1, 12, 13). Two parameters are useful in defining av-
erage quantities for characterizing transport phenomena
in the porous layer: porosity, ¢, and the MacMullin num-
ber for the porous electrode layer (14), Ny .o

Nypg = /e [8]

where 7 represents the tortuosity of the porous layer.

To account for the nonhomogeneous structure of the
porous matrix, averaging is applied within a volume ele-
ment throughout the porous layer. The concentration
per unit volume of electrolyte of a species i is given by c;.
The superficial concentration, ec,, represents the average
concentration per total unit volume including the solid
matrix and the electrolyte occupying the spaces within
the matrix. Electrochemical reactions are described in
terms of individual reaction current densities, j;, in am-
peres per square centimeter of electroactive area. The
value of j; is a function of position within the porous
layer. The electrochemical reaction rate can be related to
the volume of the porous layer by multiplying j; by the
electroactive specific surface area a: aj;. Integration of
aj; over the thickness of the porous layer yields the aver-
age superficial current density for the porous layer i; (i.e.,
the current for reaction j divided by the projected geo-
metric surface area of the porous electrode layer).

Within the porous layer, the material balance equation
1s formulated in terms of average quantities and includes
a reaction rate term which accounts for local electro-
chemical reactions, R/,

ec;)
at

=-V-N;+R, + R {91

The assumptions of steady state with no homogenous re-
actions as stated earlier are still maintained so that dc/at
and R, in Eq. [9] are equal to zero. The porosity,
MacMullin number, and porous layer thickness are also
assumed to be constant; consequently, de/dt = 0. With the
assumption that there is no convective flow within the
porous layer, the flux of species i within the porous layer
is

ZiDi eF
Ni=—-——>—1¢V® - D, V¢ 1
i RT C D; Ve [10]
where
D
Di.e = . [11]
Ny .re

Combining Eq.[10] and [11] with the material balance ex-
pression, Eq.[9], subject to the assumptions mentioned
above, the governing equation for species i within the
porous electrode layer becomes

z,D;F ( d*® + de; d¢)

NuwsRT \“dy* * dy dy
D, d?c¢;
+ R =0 12
Nyor dy* [12]

The production rate of each species i due to all electro-
chemical reactions is given by (14)

NR .
Sy
Ri=-a 2 5 [13]
J

J

where NR the total number of electrochemical reactions.
The local current density due to electrochemical reac-
tion j (relative to the local electroactive surface area) at
each point within the porous layer, j;, is assumed to be
given by the Butler-Volmer equation (15)
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. . ¢ \Pis
Ji = Uojret {H ( ‘)
i\ Cier

exp ( wf voa- Uj..-(..)]) -1 ( & )"”

RT i Cirer

—a.F
exp ( - - Uj.ref)])} (14]

RT
where
ij
ioj.rer = H inj.dala ( Cl-ref ) [15]
i i.data
RT Ciref
U ref = jo - i —
bt [U nF 2 slln( Po )]
RT Cirp >
— U — .
[ RE nREF El sl.' ln ( Po
or
RT Cire
U, rer = [UJH T sy In (p—rﬂ ~Ue [16]

It is assumed here that reaction order constants, p;; and
qy;, are related simply to sy

qy =10 if s> 0

s <0

Dii = 8i
0i; =0

Also, the concentration dependence of the exchange cur-
rent density exponents, v;;, is assumed to be related to s;;
in a consistent way

[17]
Qi = —Sy if

®ajSi;
Yii = P — — (18]
T

and

iy =y + [19]
1

Equation [14] shows that the local current density de-
pends upon the difference between the potential of the
matrix phase of the porous electrode, V (assumed here to
be a constant), and the potential of the solution just adja-
cent to the pore surface, ®(y) for (0 = y = y;x), relative to
the equilibrium potential for reaction j evaluated at ref-
erence concentrations, Uj ;..

It is useful to note that for the logarithmic concentra-
tion terms in Eq. [16] the ratio ¢;/p, is in units of mol/kg
for solute species. Also, for dissolved gases (e.g., dis-
solved oxygen) the reference partial pressure of the gas
above the solution, p; .., should appear explicitly in U ..
and the ratio of the partial pressure of the gas at the reac-
tion site relative to a reference partial pressure should
appear as a multiplier term in Eq. [14]. Here pg, ¢ = 1 atm
so it does not appear in Eq. [16]; and, because the multi-
plier term appears as a ratio it is reasonable to replace it
by the dissolved gas concentration ratio [19]

Pi G
pi.ref Ciret

(201

Although the working electrode potential, V, is as-
sumed to be constant everywhere within the solid matrix
of the porous layer, the solution potential, ®, is assumed
to be a function of y. Therefore, the current density pre-
dicted by the Butler-Volmer kinetic expression, Eq. [14],
also depends on y.

A value for the average superficial current density, i;
(i.e., current relative to the projected planar area of the
porous electrode layer), is found by integrating the local
volume average current density, aj;

N Y=YPE
iy = J aj;dy 213

y=0
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Boundary Conditions
The bulk conditions are simply that the concentration
of each species is equal to its bulk concentration at the
reference electrode Luggin tip

¢i(¥re) = Cipuik [22]
and the solution potential is set at a fixed value
D(yYgg) = Prg [23]

The values used for ¢, must of course satisfy the elec-
troneutrality condition. At the electrode backing plate or
current collector (y = 0), the boundary condition is that
the flux of each species i is zero

N:=0 [24]

This is due to the assumption that the porous layer back-
ing is solid and no species diffuses into, is deposited on,
or is dissolved away from the substrate itself. This would
have to be changed for a dissolving substrate. The condi-
tion of electroneutrality is also assumed to hold at y = 0.

Z 2 =0 [25]

At the boundary between the two regions the electro-
neutrality condition holds and the flux of each species i
across the porous electrode-electrolyte interface is con-
tinuous

Niipnmus region — Ni|diffusinn layer {26]

Solution Technique

The above equations can be solved by using a finite dif-
ference method [16] to obtain concentration and poten-
tial profiles throughout the modeled region (diffusion
layer and porous electrode layer). These values can then
be used to determine local volume average current den-
sities, aj;, throughout the porous layer using the Butler-
Volmer expression, Eq. [14]. These local volume average
current densities can be integrated over the entire po-
rous layer to yield a superficial current density for each
reaction by applying Simpson’s rule to Eq. [21]. From
this result, the total current density can be found by
summing the superficial current densities due to the in-
dividual reactions

ip = E 1 [27]

i

It is worth noting that this value for i; is equal to the
value that is obtained for iy by using Newman’s expres-
sion for the total current density in an electrolytic solu-
tion (1)

ir=F > zN, 128]

applied at the electrode-electrolyte interface (y = ype).
Both of these expressions (Eq. [27] and {28]) yield iy = 0
during the corrosion process since no net current density
exists during corrosion. In other words, at the corrosion
potential the total current density equals zero, and the
rate of metal oxidation is equal to the rate of oxygen re-
duction.

Results and Discussion

The initial corrosion rate of a porous layer on a rotating
disk electrode can be predicted by using the model set
forth above. The utility of this model can be demon-
strated by considering the oxidation of iron accom-
panied by the reduction of oxygen in an aerated caustic
solution

Fe — Fe2t + 2e~ [29]
O, + 2H,0 + 4e- - 4 OH~- {30]

This case is considered here to illustrate the dependence
of the corrosion rate of iron on changes in the porous
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Table I. Fixed physical parameters

Parameter Value

T 298.15 K

O 377 s~ (3600 rpm)
Pu 1 x 1078 kg/em?

v 9.72 x 107* em¥/s
Nypr 2.0

Yre 0.02 cm

\4 00V

Upe® 0.242V

4 Saturated calomel reference electrode.

Table I1. Kinetic and thermodynamic fixed parameters
for a porous iron layer on a RDE

A STEADY-STATE MATHEMATICAL MODEL

Reactionj  a« @ 7y Juidaa(A/em?) Ul
1 1 1 2 1.10 x 107% [Ref. (10)] -0.440
2 3 1 4 1.24 x 107% [Ref. (9)] 0.401

structure (specific surface area and porous layer thick-
ness). The results of changing the caustic concentration
[16] are also presented. For consistency in nomenclature,
the metal oxidation reaction (Eq. [29]) carrys a reaction
index j = 1, and the oxygen reduction reaction (Eq. [30])
is referred to by the index j = 2.

Behavior of Iron Porous Electrode Layer

The fixed parameters used are given in Tables I-III.
The value given in Table II for the exchange current den-
sity for oxygen reduction (io, 4a.) was obtained from
Vahdat and Newman (9) by using the first equation be-
low their Eq. [18] with U = 1.229V (as given by them be-
low their Eq. [15]), o, = 1.0, and T = 298.15 K. This value
is probably too low, but it was used anyway to illustrate
the capability of the model. In fact, one may want to use
the model together with data and a parameter estimation
technique to determine a value for i, 4a1,. The diffusion
coefficients in Table III were chosen arbitrarily. Solution
concentrations were varied according to the values pre-
sented in Table IV. Reference values for concentrations
were taken to be the bulk concentrations, and Eq. [15]
was used to correct the exchange current densities ac-
cordingly.

Typical concentration profiles for ferrous ion and dis-
solved oxygen at the corrosion potential and current
density are shown in Fig. 3. During corrosion, oxygen is
transported from the bulk to the porous iron layer where

Table Il. Component reaction orders and transport
properties for a porous iron layer on a RDE

cl. data
Component 4 AR S D; (em?¥/s) (mol/cm?)
Na* +1 0 0 2.084 x 10-° 1.0 x 10~
OH~- -1 0 4 5.260 x 10~ 1.0 x 10~
0O, 0 0 -1 1.900 x 10-° 1.0 x 10-7
Fet? +2 -1 0 1.500 x 10-° 4.0 x 103

Table 1Y. Parameters for 1.0, 0.1, and 0.01M caustic solutions
for a porous iron layer on a RDE

Solution 1.0M NaQOH 0.1M NaOH 0.01M NaOH

¢, edmolicm?)

Component i

¢, ref(mol/cm?)

¢, .{mol/cm?)

Na* 0.99998 x 10~  0.9998 x 10~  0.998 x 10~
OH- 100 x10% 100 x10-  1.00 x 10~
O,[Ref. (301 096 %10 134 x 10  1.39 x 10~
Fet? 100 x10™ 100 x10%  1.00 x 10~
U, rer(V) ~0.8299 ~0.8299 —0.8299
st 0.1590 0.2182 0.2773
fares(Alcm?) 1739 x 107 1739 x 10  1.739 x 10~
toprer(AlCm?) 6736 x 107 8.680 x 10-*  8.904 x 10-"
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Fig. 3. Concentration profiles of the major reactants at the corrosion
potential for a porous iron layer on a RDE in 1.0M NaOH where a =
200 cm™, 3pg = 0.005 cm, ype = 0.02 cm, and (V — @) = 0.555V.

it diffuses to reactive sites within the porous layer. Fer-
rous ions are transported through the electrode away
from reactive sites as they are formed. At the porous
electrode-electrolyte interface a change is seen in the
slope of both the oxygen and ferrous concentration
curves. These changes in slope are due to the boundary
condition given by Eq. [26] which sets the flux of each
species on the electrolyte side of the boundary equal to
the flux of that species within the porous layer. Since the
diffusion coefficient of a species within the porous layer
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~0% i
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w
2
=
S
B -0t 1
=
(8]
n
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S
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=
3
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log jeurrent density in A/em?|

Fig. 4. Behavior of a porous iran layer on a rotating disk electrode in
1.0M caustic at a rotation speed of 3600 rpm and a specific areq, a =
200 cm~! where 5p; = 0.005 cm,
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is smaller than its bulk value (see Eq. [111), the concen-
tration gradient of a species must be larger in the porous
layer to compensate for its smaller diffusion coefficient
there. The flat appearance of the concentration profiles at
the electrode backing plate is due to the boundary condi-
tion at y = 0 that states that the flux of species i is equal
to zero at that point.

Figure 4 shows a typical predicted current-potential
plot. Recall that the model is of the potentiostatic type so
that the potential driving force, V — ®gg, represents the
difference between the potential of the working elec-
trode, V, and the solution potential at the reference elec-
trode, ®ge. This quantity is the potential which would be
measured or set in an experimental cell. The current den-
sity values shown in Fig. 4 were determined according to
Eq. [14] and [21]. At the corrosion potential, U,y = (V —
®rp)eorr, the total current density is zero (i.e., the rate of
iron oxidation is equal to the rate of oxygen reduction)
and corrosion occurs. This can be seen in Fig. 4 where
the individual reaction current density curves intersect.
At this point the corrosion current density, ic., is equal
to the iron current density, i;, and the negative of the
oxygen reduction current density, i,, according to the re-
lationship

Leorr = 7-'l = 71"2 [31]
and
r=0=14+1 [32]

According to Eq. [32], the sum of the reaction current
densities gives the total current density which would be
that current density measured in an experimental cell.
At the iron reaction equilibrium, Uy petre (Shown in Fig.
4 and equal to U, ;) the forward rate of iron oxidation is
equal to the reverse rate of iron reduction and is given by
the exchange current density, i,, ... This implies that the
iron reaction is in equilibrium at this potential. As the
potential (V — ®g;) is increased cathodically (i.e., nega-
tive direction) beyond the iron reaction equilibrium po-
tential the reaction will begin to occur in reverse and
electrodeposition of iron will occur. Oxygen continues to
be reduced in this region but reacts at a constant rate
which is limited by the diffusion of oxygen from the bulk
to the electrode porous layer, i, 0,. Similarly, as the po-
tential is increased anodically (i.e., positive direction)

15.0 T -7 T T T T T ¥ T

\ Fe + Fe**+2e—

a=20cm™ —

200 em ™!
5.0 F 2000 cm™’ E
o
8
~
< 0.0 F— — — = — = — — — = = Flmo o~ - — — = — =
£
.
i
i R S im0, j

-10.0 ’> B

02+2H,0+4e~ - 40H~

~15.0 L 1 X 1 i 1 i L 1
0.0 0.1 0.2 0.3 0.4 ¢.5 0.6 0.7 0.8 0.9 1.0

—(V — &gg) vs. SCE  (volts)
Fig. 5. Current-potential behavior of an iron RDE with an iron porous
layer on it. The electrolyte is 1.0M NaOH and the rotation speed is
3600 rpm where 3¢ = 0.005 cm.
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Table V. Corrosion results for an iron porous electrode
of various porous compositions in 1.0, 0.1, and
0.01M caustic solutions

Gegrr
Cou- refmoliem®) a(cm™) dpplcm) UeorV) (mAl/cm“)
1.0 x 103 20 0.005 0.555 0.00779
200 0.005 0.555 0.0763
2000 0.005 0.558 0.624
200 0.0005 0.555 0.00779
200 0.001 0.555 0.0156
2060 0.01 0.557 0.144
1.0 x 10~ 20 0.005 0.552 0.00885
200 0.005 0.552 0.0870
2000 0.005 0.556 0.737
1.0 x 10~ 20 0.005 0.551 0.00897
200 0.005 0.551 0.0881
2000 0.005 0.554 0.747

from the corrosion potential, iron will dissolve but the
oxygen reaction will begin to occur in reverse where hy-
droxide ion will oxidize to oxygen beyond the oxygen re-
action equilibrium potential (not shown in Fig. 4). The
departure from linearity for the curves in the top part of
Fig. 4 is due to ohmic drop (16).

Figure 5 shows a comparison of the predicted current-
potential curves for porous electrodes of varying a
specific surface areas in 1.0M NaOH. Holding the porous
layer thickness constant at 0.005 cm as the specific area is
increased causes a noticeable increase in the magnitude
of the total current density and also the corrosion cur-
rent density as seen in the first three entries for each
caustic solution concentration in Table V. This seems
reasonable because a larger electrode surface area is
available for reaction, and the solubility of oxygen in-
creases with decreasing NaOH concentration (17).

A similar effect is shown in Fig. 6 for the porous layer
thickness &p;. Holding the specific area constant at 200
em~! as the porous layer thickness is increased causes a
noticeable increase in the magnitude of the total current
density and also the corrosion current density as shown
in the last three entries for the 1.0M caustic solution in
Table V. However, note that over the range of values pre-
sented, changing the porous layer thickness does not

5.0 T T T T T T T T T

Fe » Fe**+Re~

10.0 ~

Spg = 0.01 cm

0.005 cm
5.0 [

—_
E
3]
~
‘é 00— — — — = — = — — — A o~ — — o~ — — —
N-2
-
e
-5.0 . 4
E thm,0p-—————— = —————
-10.0 B
0:+2H,0+4e~ - 40H~
—~15.0 1 4 1o I 1 Il 1 L 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1.0

—{V — dgg) vs. SCE (volts)

Fig. 6. Effect of an iron porous layer thickness on a RDE. The electro-
lyte is 1.0M NaOH ond the rotation speed is 3600 rpm where a = 200
em™L
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have a noticeable effect on the corrosion potential (Table
V), but for a very thin porous layer (0.0005 cm) the limit-
ing current density decreases (Fig. 6).

Table V summarizes the results for the iron corrosion
study. For larger reactive surface areas as defined by
larger specific surface area, a, and increased porous layer
thickness, 8pg, higher rates of corrosion are seen in each
concentration range. The corrosion potential appears to
be essentially constant in the concentration ranges stud-
ied. The effect of caustic concentration on corrosion rate
of an iron porous electrode also appears to be negligible.

Conclusions

The model presented here could be used to determine
many of the physical features of interest when using po-
rous electrode layers. In particular, the thickness of a po-
rous layer on a RDE could be found by using the model
and parameter estimation. This may be desirable be-
cause it is difficult to measure the thickness of a porous
layer on a RDE. This thickness could be used to predict
the approximate lifetime of the porous layer by assum-
ing that the predicted initial corrosion rate would be con-
stant over the lifetime of the layer. This may be particu-
larly useful in industrial applications where the lifetime
of a porous layer may be an important design considera-
tion.
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LIST OF SYMBOLS

a' 0.51023

a electroactive specific surface area of the porous
layer, cm™!

aj; local volume average current density, A/cm?

C; concentration of species i, mol/cm?®

cipux bulk solution concentration of species i, mol/ecm?

Cigata data solution concentration of species i, mol/em?

Ci.ref reference concentration of species i, mol/cm?

cire  concentration of species i for reference electrode
reaction, mol/cm?

D, diffusion coefficient of species i, cm?'s

D,. effective diffusion coefficient of species i in a po-
rous layer, cm?/s

F Faraday’s constant, 96,487 C/mol

inmo, limiting current density for oxygen reduction,
Alem?

teorr corrosion current density, A/cm?

i average superficial current density due to reac-
tion j, A/cm?

Los0 exchange current density at surface concentra-

tions for reaction j, A/em?

exchange current density at data concentrations

for reaction j, A/cm?

igret €Xchange current density at reference concentra-
tions for reaction 3, A/cm?

Loj.data

“ip total current density, A/cm?
Js local current density due to reaction j, A/cm?
n; number of electrons transferred in reaction j

TNgE number of electrons transferred in reference elec-
trode reaction

N; flux vector of species i, mol/em? - s

Nu,ee MacMullin number for the porous electrode layer

(=1/€)
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Di partial pressure of species i at liquid-vapor inter-
face, atm

Pi; anodic reaction order of species i in reaction j

Qi cathodic reaction order of species i in reaction j
universal gas constant, 8.3143 J/mol - K

R; homogeneous reaction rate of species i, mol/
cm? -s

R pseudohomogeneous reaction rate of species i

due to electrochemical reactions within the po-
rous electrode layer, mol/cm? - s

Si; stoichiometric coefficient of species i in reaction j
t time, s

T absolute temperature, K

Uy mobility of species i, mol - cm?/J - s

Uer corrosion potential, V
iret  equilibrium potential for reaction j at the refer-
ence concentrations of species i, V
U standard electrode potential for reaction j, V
Uge standard electrode potential for reference elec-
trode reaction, V
Uge reference electrode potential at reference concen-

trations, V

v electrolyte velocity vector, cm/s

v, electrolyte velocity in the normal direction, cm/s

1% potential of the porous electrode, V

Yy normal coordinate, cm

Ypg, position of porous electrode-electrolyte interface,
cm

YRE position of reference electrode, cm

Zi charge number of species i

Greek Symbols

Oy anodic transfer coefficient for reaction j

A cathodic transfer coefficient for reaction j

Yij exponent in the composition dependence of the
exchange current density

S porous electrode layer thickness, cm

€ porosity or void volume fraction

€C; superficial concentration of species i in a porous
layer, mol/cm?

v kinematic viscosity, cm?/s

Po pure solvent density, kg/cm?®

T tortuosity of porous material

o potential in solution, V

e potential in bulk solution, at ygg, V
disk rotation velocity, rad/s
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